The paper examines the selected physical properties of seeds of 8 plants used in agri-food processing industry. These are: winter rapeseed (Brassica napus L.) Adriana cultivar, sesame (Sesamumindicum L.), common flax (Linum usitatissimum L.) Luna cultivar, husked sunflower (Helianthus L.) (country of origin -Bulgaria), hemp (Cannabis sativa L.) Benikocultivar, blue poppy (Papaver somniferum L.) Major cultivar, garden cress (Lepidium sativum L.), black caraway (Nigella Sativa L.). In the research material we determined the following: mass of thousand seeds (MTS), piling angle and angle of repose, tap and bulk density and compressive resistance of single seeds. Some seeds from the selected plant species differed with shape and size. Thus, the results determining the physical properties were varied.
Introduction
Presently, plants rich in fat are increasingly popular in the agri-food processing industry. They are used both as a food raw material as well as a precious source of renewable energy. Scientists search for new fat raw materials with an optimal for consumers' health composition of fatty acids (Budzyński and Zając, 2010) .
Plant fats are obtained in approximately 73% from one-year oil plants. They include plant species, which accumulate in their bodies at least 15-20% of fat. The obtained plant fat, after appropriate processing is used for food purposes or in various technology branches. Food fats are edible oils and raw materials for production of margarine, bakery and confectionery products. Technical use of plant fats is considerably wider. They are basic raw material for production of soap and washing agents and varnishes, lacquers and oil colours. They are used in the cosmetic industry, metallurgy and casting. In pharmacy they are used for production of ointments and liquids and in medical treatment as a component of medicaments. They are also used for impregnation and finishing of fabrics and for tanning leather. Plant fats are a component of numerous crop protection substances because they support activity of some pesticides (Jasińska and Kotecki, 1999; Kapusta, 2001 Kapusta, , 2011 Kapusta, , 2012 .
The quality of oil plant seeds is assessed based on the general content of fat and fatty acids, the content of organic nitrogen and other organic compounds and the mineral composition of ash (Trybała, 1999) . The content of fat, protein and glucosinolates in oil seeds is modified to the highest possible level by fertilization. High doses of nitrogen cause the increase of the protein content in seeds but they decrease their content of fat (Budzyński and Zając, 2010) .
After pressing oil from seeds, cakes are obtained from the residue and after oil extraction with the use of organic solvents, the so-called meal is obtained. This residue constitutes components of rich fodder for farm animals. They are rich in protein (approximately 30%) and fat (approx. 10%) or raw materials for some branches of pharmaceutical and food industry (Pisulewski et al., 2001) . Straw from majority of oil plants (e.g. poppy) is ligneous, hard and may contain poisonous alkoloids. Therefore, it cannot be used as fodder or bedding. In farms it is sometimes used as a base for heaps or processed into compost. It can be also used for production of paper, furniture and insulation boards and for production of furfural in chemical industry (Kapusta, 2012) .
In order to determine the quality of cultivated seeds, their physical properties must be assessed. Additionally, the knowledge of those properties enable adjustment of cultivation, collection and processing technologies to fully use the crop potential of plants and to minimize the losses which may take place in these processes ( Konopka et al., 2009; Szot, 2008) .
The objective of the research was to examine the basic physical properties of seeds used in the food processing industry.
Material and research methods
The seeds of the following plants constituted a research material; winter rapeseed (Brassica napus L.) Adriana cultivar, sesame (Sesamumindicum L.), common flax (Linum usitatissimum L.)Luna cultivar, husked sunflower (Helianthus L.) (country of origin -Bulgaria), fibre hemp (Cannabis sativa L.) Beniko variety, blue poppy (Papaver somniferum L.)Major cultivar, garden cress (Lepidium sativum L.), black caraway (Nigella Sativa L.). The used batches of rapeseed came from a farm close to Lublin, flax and black caraway from "MIŁEX" enterprise, hemp, sesame, sunflower and poppy from F.H. AWIKO enterprise and watercress from the Seed Company in Lublin. All seeds were collected in 2014.
In order to regulate the moisture of seeds to the level of approximately 8±1%, before testing they were stored in glass jars with open lids in the temperature of the surrounding (20±2ºC), for 14 days.
We determined the following: mass of thousand seeds (MTS), angle of slide and angle of repose, tap and bulk density and resistance to compression. Determination was carried out in three iterations. Only compressive resistance of seeds was repeated ten times. As a result, an arithmetic mean from those iterations was assumed. MTS in all tested raw materials was determined acc. to the standard PN-68/R-74017. The angle of repose was determined acc. to the standard PN-65/Z-04004.The angle of slide was determined according to the standard PN-7412-04022/08 07. The measurement of the tap density was carried out according to the methodology provided by Laskowski (1983, 1987) . The bulk density was determined according to the standard PN-ISO-7871-2:1998 07.
The compressive resistance of seeds was determined with the use of a testing machine Zwick Roell BT1-FRO.5TN.D14 with the speed of the head movement of 10 mm·min -1 .
We carried out the resistance test of single seeds with the use of a head with the maximum strength of compression of F=500 N. The measurement of the compressive resistance consisted in placing single seeds (selected randomly) between the working panels of the measuring head, starting the device and registering a maximum value of power at which the sample was destroyed.
We analysed the obtained results statistically with the use of Statistica 8.0. In order to examine the significance of differences between the obtained values for particular raw materials, we carried out a one-factor analysis of variance ANOVA. We made the conclusions at the 0.05 level of significance. We carried out a detailed analysis of average confidence interval at the use of Tukey's test.
Research results
Figures 1-6 and table 1 present the basic physical properties of seeds covered by the research schedule. MTS values were varied (figure 1). The highest value of this feature for sunflower seeds was reported and it was 43.3 g. Slightly lower value was characteristic for hemp seeds (21.2 g) and for the remaining seeds the reported value was within 0.5 g for poppy seeds to 6.6 g for flax seeds. 
Figure 2. Angle of slide of seeds: 1 -poppy, 2 -sesame, 3 -flax, 4 -nigella, 5 -rapeseed, 6 -hemp, 7 -sunflower, 8 -watercress (various letters over the column stand for statistically significant differences)
Angle of repose is the next measure of the seeds flowability degree. It is the smallest angle of deviation of the surface at which the slide of the loose material takes place. The angle of repose is usually a few degrees lower than the angle of slide (Konopka et al., 2013) . Values of the angle of repose of seeds covered by the research schedule (figure 3) were varied and were at the level from 15.3º for hemp seeds to 31.1º for the sesame seeds.
The coefficient of external friction, which may be more easily estimated through calculation of the tangent of the angle of repose, is a vital physical property strictly related to the angle of repose. The obtained values were presented in table 1. Analogically as in case of the measurement of the angle of repose the lowest values were reported for the hemp seeds (0.2742) and the highest for the sesame seeds (0.6080). Figure 4 presents the results of the measurement of the tap density of the researched raw material. Watercress and poppy seeds had the highest tap density which was respectively 750.1 g·dm -3 and 726.8 g·dm -3 , the lowest value of this property was reported for sunflower seeds (589.5 g·dm -3 ). Results for the remaining seeds covered by the research schedule were within 615.8 g·dm -3 for hemp seeds to 702.6 g·dm -3 for flax seeds. Research results concerning the bulk density were presented in figure 5. Bulk density depends on the shape of single particles of the shaken material as well as on the distribution of seeds after shaking. The more compacted and shaken the seeds are, the higher is the bulk density. -poppy, 2 -sesame, 3 -flax, 4 -nigella, 5 -rapeseed, 6 -hemp, 7 -sunflower, 8 -watercress (various letters over the column stand for statistically significant differences) -poppy, 2 -sesame, 3 -flax, 4 -nigella, 5 -rapeseed, 6 -hemp, 7 -sunflower, 8 -watercress (various letters over the column stand for statistically significant differences) Figure 5 . Bulk density of seeds: 1 -poppy, 2 -sesame, 3 -flax, 4 -nigella, 5 -rapeseed, 6 -hemp, 7 -sunflower, 8 -watercress (various The research proved that the watercress seeds had the highest bulk density (707.8 g·dm -3 ). The remaining values were at the level of 537.5 g·dm -3 (sesame seeds) to 633.3 g·dm -3 (flax seeds).
The results of the seeds compression resistance measurement presented in figure 6 proved significant diversity. The biggest compressing force was necessary to destroy the sunflower seeds (124.1 N) . Values of the compression force for the remaining seeds were considerably lower and were within 2.6 N for the poppy seeds to 37.1 N for hemp seeds. The reported differences of the measured force result mainly from a considerable diversity of dimensions and a shape of seeds, anatomic structure and chemical composition, including the fat and water content (Stępniewski et al., 2003; Szot, 2008) . 1 -poppy, 2 -sesame, 3 -flax, 4 -nigella, 5 -rapeseed, 6 -hemp, 7 -sunflower, 8 -watercress (various Type of raw material 4. Coefficient of external static friction of seeds covered by research is within 0.2742 for hemp seeds to 0.6080 for sesame seeds. 5. Sesame, flax, nigella, rapeseed, hemp and sunflower seeds have a similar value of the tap density within 589.5 g·dm -3 for sunflower seeds to 666.9 g·dm -3 for sesame seeds. The poppy seeds (726.8 g·dm -3 ) and watercress seeds (750.1 g·dm -3 ) have considerably higher values of tap density. 6. The highest density in the bulk state is characteristic for watercress seeds (707.8 g·dm -3 ), and the values of this property for other seeds are from 537.5 g·dm -3 (sesame seeds) to 633.3 g·dm -3 (flax seeds). 7. The biggest compressing force is necessary to destroy the sunflower seeds structure (124.1 N). Values of the compression force for the remaining seeds are considerably lower and are within 2.6 N for the poppy seeds to 37.1 N for flax seeds.
